Real-time optical measurement of biologically relevant thermal damage in tissue-mimicking hydrogels containing bovine serum albumin.
In controlled laboratory studies of hyperthermia and thermal ablation, translucent hydrogels containing bovine serum albumin (BSA) are often employed as tissue-mimicking materials due to the change in their opacity that takes place as they accumulate heat damage. In this work we demonstrate the biological relevance of this optical metric of thermal damage, as well as establish the physical mechanisms that link it with quantifiable damage to the proteins embedded in the gel. We applied Fourier transform infrared (FTIR) spectroscopy, turbidity analysis using ultraviolet-visible (UV/VIS) spectroscopy, and size exclusion chromatography (SEC) to samples of heat-treated, aqueous bovine serum albumin (BSA). We also measured the rates of survival in heated suspensions of breast cancer cells using a colorimetric assay. Using FTIR spectroscopy and SEC, we show that the intermolecular beta-sheet content of the protein ensemble rises in heat treatments above 60 degrees C, which causes aggregate formation. Furthermore, by applying UV/VIS spectroscopy we demonstrate that the opacity of the hydrogel increases past 60 degrees C due to the formation of insoluble protein aggregates that scatter incident light. Finally, we illustrate that the viability of human breast cancer cells follows a similar trend to measurements of BSA polyacrylamide hydrogel opacity at various temperatures from 37 degrees C to 90 degrees C. Our work establishes a causal link between the degree of BSA denaturation in hydrogel and the opacity of the medium. Furthermore, our results demonstrate that BSA hydrogels provide a simple physical model for quantifying biologically relevant heat damage in real time during controlled laboratory studies of hyperthermia and thermal ablation.